1.. Introduction {#S0001}
================

Tuberculosis remains a major health problem through the word, it is a major cause for morbidity and mortality. According to WHO in 2017, TB killed 1.6 million people (0.3 million HIV-positive) \[[1](#CIT0001)\] and caused 240 000 deaths of MDR-TB in 2016 \[[1](#CIT0001)\]. The emergence of drug-resistant strains of TB (DR-TB) is a global threat to tuberculosis prevention and control efforts (WHO, 2004). The most important problem in drug resistance is MDR-TB and extensively drug resistance (XDR). MDR\\XDR-TB is higher in countries with sub-standard national tuberculosis programs or lower socio-economic groups. It is a consequence of poor/late diagnosis, inadequate treatment, poor patient compliance and poor drug supplies \[[2](#CIT0002)\]. Moreover, several other factors such as homelessness, poverty, lack of infrastructure in public health, and inadequate access to health services have played an important role in worsening the situation \[[3](#CIT0003)\].

Drug resistance of Mycobacterium tuberculosis showed marked geographic variation from one country to the other. Among the Gulf Cooperation Council (GCC) member countries the overall MDR-TB prevalence rate was recorded as 4.0% with a maximum resistance was present in UAE \[[4](#CIT0004)\].

In Qatar, all expatriates applying for residency or a visiting visa for more than a month must undergo a full history, physical examination and chest radiography in the Department of Medical Commission upon arrival since 1985. The drug-resistant TB pattern in the period between January 1996 to December 1998 was found to be 15%, of which isoniazid-resistant was 12.4% followed by Streptomycin (5.2%), rifampicin (2%) and ethambutol (0.8%). Less than 1% of TB isolates was found to be MDR \[[5](#CIT0005)\]. Since that time, the number of populations increases in Qatar, with more people from other countries mainly south Asia, which change the trend of TB cases and the emergence of more cases of drug-resistant TB.

We aim in this study to assess these changes in TB profile in 6 years from 2010 to 2015, with an assessment of the treatment outcome.

The results of this study will provide important additional information on the epidemiology of DR-TB and preventive strategies against it in Qatar.

2.. Materials and methods {#S0002}
=========================

A descriptive records-based retrospective study was conducted on patients registered at Communicable Disease Centre (CDC), Qatar, the only national referral TB Centre in the country. All consecutive microbiologically confirmed tuberculosis cases were eligible for the study. The study included a review of the records for the period of January 2010--March 2015. Demographic and clinical data extracted included: patient's age, sex and country of origin; disease site (pulmonary or extra-pulmonary); HIV/AIDS status, sputum smear mycobacteriology studies status, previous chemoprophylaxis and/or previous treatment for TB and the resistance pattern of isolated mycobacteria.

The objective of this study was to: (1) determine the prevalence of DR-TB in Qatar from January 2010 to March 2015; (2) pattern of DR-TB in the country; (3) characterize the population of patients with DR-TB (i.e. Demographic and clinical data) and: (4) outcome of the treatment.

3.. Patients (study population) {#S0003}
===============================

All consecutive microbiologically confirmed pulmonary and extra-pulmonary tuberculosis cases were eligible for the study; those which lacked confirmed MTB culture were excluded. All patients included are registered in the National TB registry located at the CDC in Qatar and TB national laboratory. ***Definitions***: Drug resistance in mycobacteria is defined as a decrease in sensitivity to a sufficient degree to be reasonably certain that the strain concerned is different from a sample of wild strains of human type that have never come into contact with the drugs \[[2](#CIT0002)\]. Mono-resistance is defined as a resistance to one first-line anti-TB drug only.

Poly-resistance is the resistance of M. Tuberculosis strain to more than one first-line anti-TB drug, other than both isoniazid and rifampicin. MDR-TB is a special subgroup of poly-resistance, in which there is resistance to at least rifampicin and isoniazid. Furthermore, extensively drug-resistant TB (XDR-TB) cases, defined as MDR-TB plus resistance to a Fluoroquinolone and at least one of the three injectable second-line drugs (Amikacin, Kanamycin or Capreomycin) \[[3](#CIT0003)\].

New patients defined as never been treated for TB or have taken anti-TB drugs for less than 1 month. Treatment outcome was assessed for patients who complete their course of therapy in Qatar with 1 year follow up in case of mono-resistant or 2-year follow up in case of MDR/XDR-TB infection. For mono-resistant cases, cured was defined as pulmonary TB patient with bacteriologically confirmed TB at the beginning of treatment who was smear- or culture-negative in the last month of treatment and on at least one previous occasion \[[4](#CIT0004)\]. Furthermore, treatment failure was defined as sputum smear-positive at 4 months or later during treatment \[[4](#CIT0004)\]. A patient whose most recent treatment outcome was 'cured' or 'treatment completed', and who is subsequently diagnosed with bacteriologically positive TB by sputum smear microscopy or culture was defined as a relapse \[[6](#CIT0006)\].

Cured for MDR/XDR-TB patient was defined as a completed treatment per programme protocol and has at least five consecutive negative cultures from samples collected at least 30 days apart in the final 12 months of treatment \[[6](#CIT0006)\]. While failure for MDR/XDR Treatment will be considered if two or more of the five cultures recorded in the final 12 months of therapy are positive, or if anyone of the final three cultures is positive.

4.. Microbiology {#S0004}
================

Sputum and other samples from patients registered in CDC were sent to Qatar National TB Reference laboratory. All samples were examined using smear microscopy and the Ziehl-Neelsen acid-fast stain method then cultured on Mycobacterium Growth Indicator Tube MGIT liquid media (BACTEC™ MGIT™ 960) which can give a positive result in 7--14 days and final negative culture after 6 weeks.

All positive culture will be incubated in Löwenstein-Jensen (LJ media) for the preservation of the sample if need it for second line drug sensitivity and to differentiate NTM (non-tuberculous mycobacteria) from MTB.

Culture-positive specimens were tested for susceptibility to isoniazid (INH), rifampicin (RMP), streptomycin (SM), and ethambutol (EMB). Susceptibility testing was performed using BACTEC™ 460TB radiometric susceptibility method, generally takes from 4 to 12 days. It is based on the production of radioactive 14 C-labeled carbon dioxide by the growing mycobacteria, manifested by a Growth Index increase in the system \[[3](#CIT0003)\].

A specimen that is found to have MDR strains is sent to Mayo Clinic reference laboratory for confirmation and for the second-line drug-susceptibility testing \[[4](#CIT0004)\].

5.. Disease response {#S0005}
====================

Clinical response was defined as an improvement of signs and symptoms tuberculosis associated with tuberculosis as judged by the physician. Radiological response was defined as reduction or disappearance of the previously noted radiological with previously picture consistent with tuberculosis. Responders for anti-TB treatment defined as patients in whom consecutive AFB smear or mycobacterial culture had become consistently negative. Non-responders were defined as anti-TB medications who continue to be smear or culture positive.

6.. Data collection {#S0006}
===================

A pre-validated data collection form was used to collect patients' data from the National TB registry database obtained from the Laboratory and subsequently from the HMC electronic medical record system (Cerner). Data extracted included: socio-demographic characteristics (e.g., age, gender, country of origin, type of residential accommodation), clinical characteristics (e.g., past medical history, pulmonary lesions on chest x-ray, results of the sputum smear, culture and drug-susceptibility testing), TB treatment regimens (current and past), and treatment outcomes.

7.. Ethical statement {#S0007}
=====================

The study protocol was approved by The Institutional Review Board of Hamad Medical Corporation (15096/15).

8.. Statistical analysis {#S0008}
========================

Descriptive statistics were used to summarize demographic, clinical, laboratory and other characteristics of the participants. Associations between two or more qualitative variables were assessed using chi-square (χ2) test, Fisher Exact test or Yates corrected Chi-square as appropriate. Quantitative data means between the two independent groups were analyzed using unpaired student's t-test or Mann Whitney U test as appropriate. All P values presented were two-tailed, and P values \<0.05 was considered as statistically significant. All Statistical analyses were done using statistical packages SPSS 22.0 (SPSS Inc. Chicago, IL) and Epi-info (Centers for Disease Control and Prevention, Atlanta, GA) software.

9.. Results {#S0009}
===========

Of the 3301 cases of culture-positive TB identified between 2010 and 2015, 3078 (93.3%) were fully sensitive and 223 (6.7%) were resistant to one or more anti-tuberculous drugs. During the six-year period, the rate of isoniazid resistance, streptomycin resistance, rifampicin resistance, ethambutol resistance, MDR and XDR were 3.1% (n = 102), 1.2% (n = 41), 0.2% (n = 6), 0.15% (n = 5), 1.2% (n = 38) and XDR in 0.1% (n = 2) of patients. Levels of resistance to isoniazid and rifampicin and frequencies of any resistance are shown in [Table 1](#T0001). The majority of drug-resistant cases were from the Indian subcontinent \[defined as India, Pakistan, Bangladesh and Nepal\], which represents 64%, followed by 19.7% from South East Asia \[defined as Philippines, Sri Lanka, Thailand and Indonesia\].10.1080/19932820.2020.1744351-T0001Table 1.Pattern of drug-resistance tuberculosis in the State of Qatar from 2010 to 2015.Pattern of resistanceQatar nationals\
(n = 102)\
n (%)Expatriates\
(n = 3199)\
n (%)Total\
(n = 3301)\
n (%)Fully sensitive98 (96)2980 (93)3078 (93)Any resistance4 (3.9)219 (6.8)223 (6.8)  Any H3 (2.9)166 (5.2)169 (5.1)  Any R044 (1.4)44 (1.3)  Any S2 (1.9)67 (2.1)69 (2.1)  Any E06 (0.18)6 (0.18)One drug3 (2.88)151 (32.6)154 (4.68)  H2 (1.9)100 (31)102 (3.1)  R06 (0.18)6 (0.18)  S1 (0.98)40 (1.3)41 (1.2)  E05 (0.2)5 (0.2)Two drugs1 (0.98)66 (2.03)67 (2.03)  MDR038 (1.2)38 (1.2)  HS1 (0.98)27 (0.8)28 (0.8)  HE01 (0.03)1 (0.03)XDR02 (0.06)2 (0.06)[^1]

Qatari Nationals represent only 1.8% and 4% from other Arab nationals as shown in [Table 2](#T0002). Male patients accounted for 79.8% (N = 78) and females for 20.2% (N = 45). The median age was 29 with a range of 6 months to 70 years. The percentage of drug-resistant TB was higher in patients who were new immigrants and referred from the Department of Medical Commission (61.4%) than indigenous cases (38.6%). The majority of resistant cases where pulmonary TB (80%) followed by pleural TB (9%) as shown in [Table 2](#T0002).10.1080/19932820.2020.1744351-T0002Table 2.Demographic data for drug-resistant tuberculosis in the State of Qatar.Demographic variables\
(223 patients)Resistant isolates *n*Resistant isolates\
%Nationality  Qatari nationals41.8 Expatriates (including)21998.2  Arab countries94.0  Indian subcontinent14364.1  South-East Asian4419.7  African198.5  Other41.8 Total  Gender  Male17879.8 Female4520.2Age (years)  0--1462.7 15--244921.9 25--4413560.6 45--593013.5 60+31.3Associated diseases (comorbid)  Yes (inc. DM, CKD)198.5 No20491.5Type of TB  Pulmonary (of which)17980  Smear Positive10948.9  Smear Negative7031.3 Extra-pulmonary4420  Lymph node198.5  Pleural209.0  Urogenital31.3  Others21.0 Both31.3HIV Status  Negative11250.2 Unknown11149.8Mode of referral  Pre-employment clinic (medical commission)13761.4 Other referrals8638.6Chest radiograph findings  Normal177.6 Infiltrate10547.1 Cavity5223.3 Others4922[^2]

History of anti-TB medication was not a risk factor with drug resistance in our cohort\[only 2 patients had a history of previous TB treatment\] which may be due to denial of the previous history. Of the 223 patients infected with resistant TB, an HIV screening test was available for 112 (50.2%) patients and none of them were positive.

There was no significant correlation between comorbid diseases and drug-resistance. However, there is significant correlation between drug-resistance and chest radiographic finding, with 23.3% of patients had cavity with p value 0.019 ([Table 3](#T0003)).10.1080/19932820.2020.1744351-T0003Table 3.Crosstable between risk factors and type of resistant TB.Demographic variablesMonoresistantMDRPolyresistantP-value\*Sex      Male123 (79.6%)32 (84.2%)21 (72.4%)0583 Female31 (20.1%)6 (15.8%)8 (27.6%) Nationality      Indian Subcontinent95 (61.7%)31 (81.6%)15 (51.7%)0.037 South East Asia36 (23.4%)4 (10.5%)4 (13.8%)  Middle East10 (6.5%)1 (2.6%)2 (6.8%)  African10 (6.5%)1 (2.6%)8 (27.6%)  Others3 (1.9%)1 (2.6%)0 (0%) Previous history of tuberculosis Yes3 (1.9%)1 (2.6%)0 (0%)0.959 No151 (98.1%)37 (97.4%)29 (100%) Site of disease Pulmonary121 (78.5%)35 (92.1%)24 (82.8%)0.239 Extra pulmonary33 (21.4%)3 (7.9%)5 (17.2%) Chest radiograph finding Cavitary29 (18.8%)9 (23.7%)13 (44.8%)0.019 Non cavitary125 (81.2%)29 (76.3%)16 (55.2%) Associated comorbidities Yes15 (9.7%)9 (23.7%)13 (44.8%)0.555 No139 (81.2%)29 (76.3%)16 (55.2%) Medical commission referral Yes94 (61%)26 (68.4%)3 (10.3%)0.361 No60 (39%)12 (31.6%)26 (89.7%) Culture conversion at 2 months Yes70 (97.2%)14 (100%)11 (78.6%)0.104 No2 (2.8%)0 (0%)3 (21.4%) Treatment outcome Cured60 (96.8%)11 (100%)12 (100%)0.818 Relapsed2 (3.2%)0 (0%)0 (0%) [^3][^4]

The trend of resistance was assessed during those years \[2010--2015\] showed an increasing number of resistant cases along with the increase in the total number of TB in the year of 2015 (Graph 1). Moreover, the outcome of treatment was assessed for 85 resistant cases with follow-up after completion of treatment, which showed a cure rate of 97.6% and relapse of 2.4%. However, 137 cases (61.4% from total) they left the country before completion of therapy. There were 2 XDR TB cases (2011 and 2013) both lost follow up as they travelled back to their home countries.

Sputum culture conversion rate was assessed in 101 resistant cases at 2-month therapy show culture conversion of 94%, whereas 122 cases (54.7%) lost to follow-up.

10.. Discussion {#S0010}
===============

The WHO reported that the global incidence of TB peaked around 2003 and appeared to stabilize or began to decline. However, the number of new cases increased between 2005 and 2006 includes drug-resistant tuberculosis \[[3](#CIT0003)\].

This study describes a 6-year national surveillance of drug-resistant TB in Qatar, a country that receives expatriates from high TB prevalence countries. Continuous surveillance is indeed the best approach to monitor time trends and is recommended by the WHO \[[7](#CIT0007)\].

The Global Project on Anti-tuberculous Drug Resistance Surveillance (GPADRS) investigated the prevalence of TB in 83 countries from 2002 to 2007 \[[8](#CIT0008)\] and found that the median prevalence of primary resistance to any drug was 11.1% and that resistance values ranged from 0% in Iceland to 56.3% in Azerbaijan. The data from Arab countries showed drug primary resistance rates of 9.8% in Yemen \[[9](#CIT0009)\] and 35% in Jordan. Furthermore, in a literature review of drug resistance in tuberculosis in GCC countries, the highest MDR TB prevalence rate was noted for UAE 9.2%, followed by Kuwait 5.9% and Saudi Arabia 4.3% \[[4](#CIT0004)\]. The proportion of MDR-TB in our study (1.2%) was higher than reported by a study performed in Qatar during the years 1996--1998, showing 0.8% MDRTB5. However, our rate was much lower than reported from other Gulf Cooperation Council (GCC) countries (overall 4.0%) \[[4](#CIT0004)\] and the global average (4.6%)12. Factors that may contribute to the low incidence of MDR-TB/RR-TB in Qatar include the low prevalence of HIV among patients diagnosed with TB, early diagnosis of TB, initiating TB treatment immediately upon proper diagnosis and bacteriologically checking for resistance to anti-TB medications for every patient diagnosed with TB.

The median prevalence of resistance to any drug in new cases of tuberculosis has been reported in 2011 to be as high as 11.1% \[[8](#CIT0008)\]. It should be borne in mind that this data is not entirely reflective of the local transmission dynamics in the country, but rather duplicate the high prevalence of resistant TB in endemic or high burden countries and this fact may explain an increasing number of MDR-TB in the year 2015. It is to be noted that the majority of the new cases of MDR in Qatar were detected in the newly arrived immigrants/expatriates. Local census data reflect the influx of male laborers from the Indian subcontinent which also explains the young male gender predominance in our study.

Drug-susceptibility testing coverage remained 100% in our study. Resistance to INH as a single drug occurred most frequently in other studies. This was also observed from other studies done from around the region \[[10](#CIT0010)--[12](#CIT0012)\]. Worldwide, there is considerable geographical heterogenicity in the percentage of TB cases with resistance to isoniazid. The higher resistance seen in our study population may be reflective of the situation in the Indian subcontinent \[[13](#CIT0013),[14](#CIT0014)\].

A previous history of tuberculosis has been identified as one of the strongest independent predictors for MDR-TB previously \[[15](#CIT0015)\]. Rates of the previous history of TB in newly diagnosed cases of MDR tuberculosis have varied from 74% to 85% \[[14](#CIT0014),[16](#CIT0016)\]. Our study aimed to address this issue. However, there are few limitations to this study include denial of the previous history of TB and treatment in expatriates due to the risk of deportation and this might explain the low proportion of the previous history of tuberculosis observed here.

Most patients in our study had pulmonary tuberculosis which is in agreement with the data already available. Pleural tissue was the major site of extra-pulmonary tuberculosis (EPTB) which has also been observed earlier. An association between the lower risk of MDR TB with extrapulmonary TB as compared to pulmonary TB has been proposed earlier \[[10](#CIT0010)\] and was observed in our study. Locally, the rate of EPTB does not compare with the global trend and it has been suggested that this may be due to early and advanced detection methods in Qatar.

The proportion of treatment success among MDR TB patients in our study \[100%\]. The high treatment success could be attributed to the practice of providing strict DOT for the entire duration of treatment. Latest treatment outcome data show treatment success rates of 52% for MDR/RR TB and 28% for XDR TB \[2013 cohort\] \[[17](#CIT0017)\].

Studies done earlier have identified that HIV-infected TB patients where at higher risk for MDR TB \[[18](#CIT0018)\], though there are older studies in which association could not be found \[[19](#CIT0019)\].

A relationship between MDR TB and HIV status could not be ascertained in our study due to the large proportion of unknown HIV status in our study population. However, it could be explained as the majority of them were referred from the medical commission centre, in which routine HIV screening is done for all new immigrants. Earlier study from the Gulf also had the same limitation \[[15](#CIT0015)\]. In 2015, only 55% of notified TB cases had a documented HIV test result (WHO Global tuberculosis report 2016). Jordan, Oman and UAE from the GCC region were enlisted among the 89 countries in which, more than 75% of TB patients had a documented HIV test result in 2015 \[[17](#CIT0017)\]. WHO, as a part of collaborative TB/HIV interventions recommends that routine HIV testing should be offered to all TB patients, to all those with TB signs and symptoms, and to partners of known HIV-positive TB patient \[[20](#CIT0020)\]. Qatar remains a low HIV prevalence country with a steady low rate of new infections diagnosed every year. Most recent available data from Qatar show that only 18 new cases of HIV were reported in 2013. \[UNAIDS.ORG\]

Diabetes mellitus is also a well-described comorbidity in MDR TB patients but does not appear to have worse outcomes \[[14](#CIT0014),[18](#CIT0018)\].

11.. Conclusion {#S0011}
===============

Drug-resistant TB in Qatar is influenced by migration where the patients were probably infected. Rapid sputum sampling performed in the early stages of the disease, patient isolation and drug-susceptibility testing should be the standard of care. 10.1080/19932820.2020.1744351-F0001Graph 1.Trend of drug-resistant tuberculosis in the State of Qatar from 2010 to 2015.
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[^1]: H = isoniazid; S = streptomycin; R = rifampicin; E = ethambutol; MDR = multidrug resistance (resistance to at least isoniazid and rifampicin); XDR = extended drug resistance (resistance to isoniazid and rifampin, plus any fluoroquinolone and at least one of the three injectable second-line drugs).

[^2]: DM = diabetes mellitus; CKD = chronic kidney disease; HIV = human immunodeficiency virus

[^3]: \*P-values computed using Pearson Chi-Square and Yates corrected Chi-Square statistical tests.

[^4]: Two patients presented with XDR were excluded from the comparative statistical analysis and computation of statistical P-values
